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Abstract 
Traditionally, simulation has been applied as an off-line 
tool for mid or long-term planning and for operational 
design whereas optimisation has been applied on-line on a 
daily basis for scheduling. The impact of variability and 
randomness on the real system greatly increases the 
difficulty of scheduling and control of manufacturing 
systems. Therefore, the is a great interest for using on-line 
simulation models as a means for improving the quality of 
the generated schedules.  In this paper we present a NET-
SIMULATION systems that tries to combine on-line the 
potential of constraint optimisation techniques for solving 
complex scheduling problems with the potential of 
simulation models for taking into account the variability, 
randomness and a myriad of dynamic aspects present in 
industrial systems. 
 
1.    INTRODUCTION  
  
 In this paper we present NET-SIMULATION, that 
combines discrete optimisation and discrete-event 
simulation techniques for planning the production of a 
textile industry. Discrete optimization and performance 
evaluation through discrete-event simulation can be 
regarded as the two main tools available in planning 
production. Weaknesses and strengths of these tools are 
complementary. That is, optimisation is weak in model a 
process on the computer, incorporating the uncertainties 
that are inherent in all real processes, while this is the 
main ability of simulation. However, there are many 
problems of importance which are optimisation in nature, 
yet too complicated to include all their details in an 
optimisation program and where simulation has suffered a 
limitation that has prevented it from uncovering the best 
decisions due to its inability to evaluate more than a 
fraction of the immense range of options available. 
Although the discrete optimisation and the discrete event 
simulation techniques are well known, in this article we 
present a scheme that improves the performance of the 
planning and decision making in a company by combining 
both techniques in an integrated form. The scheme 
consists in an optimisation module that optimises the 
production planning using constraint optimisation 
techniques based on deterministic data and then sends this 
plan to a simulation module that validates or invalidates 
the plan, using the stochastic information of the 
production plant and the information of the orders and 
products that are in the production process. These two 
steps are done several times up to arrive to a convergent 
result. If the simulation invalidates one solution, then the 
optimisation has to use the constraints that the simulation 
has detected and use them to make a new plan. These 
constraints are the production machines, the laboratory 
resources to prepare the orders, the human resources, etc. 
The approach proposed in this paper has its 
correspondence in the continuous domain where 
optimisation and simulation is combined in order to 
optimal control, using predictive strategies, water 
distribution networks, sewer networks, … In this field, 
optimisation and simulation are combined in order to 
generate optimal controls and the result of application to 
the real system is measured and used in the computation 
of following optimal controls (“predictive control 
strategy”) [1][2][3]. The idea or marrying simulation and 
optimisation is a field that has deserved attention of 
serveral authors as [10] and [4], among others. 
 The NET-SIMULATION concept is being developed 
in the European project TEXTERM “Textile Extended 
Enterprise Resource management System” (GRD1-2000-
26817) and it is being applied to the dying textile 
company Gassol Color. At present, we are validating the 
scheme and testing the software in the Gassol Color plant 
in Salt (Girona-Spain). 
 
2.    METHODOLOGY 
 
 Though they are not mutually exclusive, optimisation 
and simulation tools usually address different type of 
problems.  Traditionally, simulation is a tool for medium 
to long-run capacity planning, whereas operational 
optimisation is used for day-to-day detailed order 
sequencing.  Moreover, the degree of detail is different in 
optimisation than in simulation because the modelling 
purpose is usually different. Optimisation systems for 
scheduling have a more detailed representation of the part 
numbers, product types and routing steps, whereas 
simulation models are much more representative in 
probabilistic operations and has a high level of detail in 
the dynamic of the system [7].  
 Both techniques, optimisation and simulation, are 
being used successfully in combination in: 
 
 Factorial design is a classical technique [8] used 
in simulation for optimising a systems design. 
However, the high number of simulations usually 
required to optimise a system demands specific 
optimisation algorithms to control the search 
through the search space. Simulation 
environments such Arena [6] integrates good 
optimisation modules based on different 
techniques (i.e. Tabu Search). 
  
 Simulation allows organizations to test 
optimisation (scheduling) strategies prior to its 
implementations in the real system. Usually, this 
approach saves a significant amount of time and 
money since it reduces the implementation 
disturbances in the real system and allows the 
testing of the basic scheduling rules in a 
laboratory environment. 
 
 The previous combinations can be classified as off-
line approaches since they are not used on-line for 
operational scheduling. Currently, a great majority of 
scheduling tools running in the industry are based only on 
optimisation techniques. It is not usually feasible to use 
only a simulation model for obtaining a good scheduling 
due to the combinatorial explosion of the number of 
candidate solutions and the time cost of simulating these 
solutions. 
 The proposed methodology pretends to use on-line 
the plant simulation model to test the quality and 
robustness of the solution given by the constraint 
optimisation algorithm so that: 
 
 The quality and robustness of the solution is 
tested against a model that takes into account the 
variability and randomness. 
 
 The optimisation algorithm may try to improve 
the proposed scheduling using the feedback 
information provided by the simulation model. 
 
2.1 The discrete optimisation problem 
 
 In the TEXTERM project a discrete optimisation 
problem (of job-scheduling type) must be solved in order 
to obtain the scheduling production planning for each 
machine. This schedule is obtained considering a set of 
scheduling rules to be satisfied and trying to optimise the 
schedule span.  
 
 Discrete optimization problems are challenging from 
a computational standpoint: they are NP-complete or 
worse, and it is widely believed that no general and 
efficient algorithm exists for solving them. As a 
consequence, their solution requires considerable time and 
expertise in both the application domain (modelling) and 
algorithm design (solving). In addition, the resulting 
algorithmic solutions often involve substantial 
development effort, since the distance between the 
problem model and the computer algorithm may be large. 
In recent years, constraint programming [9] has 
successfully automated the solution of complex 
combinatorial problems in many domains as diverse as 
planning, routing, allocating resources, managing time, 
organizing personnel, cutting materials, blending 
mixtures, and many others. The effectiveness of constraint 
programming lies in the fact that it dissociates the 
representation of the problem from the search 
algorithms used to solve it.  
 A major advantage of constraint programming is that 
it enables to use the statement of a problem directly to 
develop a model for that problem. When we design a 
constraint-based model for a problem, we simply 
articulate the constraints themselves and then choose 
variables with values that represent the solution of the 
problem. Since the model of the problem derives so 
directly from the problem representation, there is much 
less chance of error or incongruence between the 
semantics of the problem representation and the semantics 
of the problem solution. 
 Constraint programming thus entails two relatively 
distinct activities: 
 
 Problem Representation. A problem 
representation consists of the declaration of the 
unknowns and the constraints of the problem. 
This representation is specific to the problem 
domain under consideration and requires a very 
expressive programming language to capture that 
specificity. 
  
 Solution Search. Solving the problem consists of 
selecting a value in the domain of each 
constrained variable, so that all the constraints 
are satisfied. In many cases, it also is necessary 
to search for a solution that optimizes a given 
criterion.  
 
 For all previous resasons constraint satisfaction 
technology is used to solve the discrete optimisation 
problem in the TEXTERM project. This problem is a job–
shop scheduling problem where: 
 
   the objective function to minimise is the schedule 
span, 
   and the constraints are: each order must be 
processed by a given machine, consuming a given 
processing time, and must be delivered before a delivering 
date. Additionaly, there are daily and weekly periodic 
breaks. 
 
 In order to solve this job-shop scheduling problem a 
commercial solver based on constraint satisfaction 
technology is used.  Many robust solvers are now 
available for solving discrete optimisation problems baed 
constraint satisfaction technology, between them ILOG 
Optimisation Suite [11]. This package offers OPL 
(Optimisation Programming Language), a modelling 
language for discrete optimisation that may simplify these 
optimization problems substantially. OPL was motivated 
by modelling languages such as AMPL and GAMS 
designed for classical optimisation problems. It provides 
similar support for modeling linear and integer programs 
and provides access to state-of-the-art linear programming 
algorithms. But OPL adds several new dimensions to 
modelling languages beyond the traditional support for 
linear and integer programming: the support for constraint 
programming. Moreover, ILOG Optimisation Suite has a 
module called Scheduler [5] that is intented to solve job-
shop scheduling problems allowing to model, in a very 
natural way, this type of problems thanks it offer as a 
modelling elements the following elements: activities, 
temporal constraints, resources, resource constraints and 
transitions. Thus, ILOG Optimisation Suite [5] is the tool 
being used in this project. 
 
2.2 The discrete simulation problem 
 
 The Petri Nets (PNs) formalism has been used to 
develop a simulation tool of Gassol Color factory capable 
of evaluating if a particular order planning can be carried 
out satisfactory according to a specific schedule. PN is a 
graphic-analytical formalism, which is able to represent in 
a natural way a discrete event system. PN can also be used 
to describe any discrete event orient system (DEOS) with 
synthesis and accuracy so that a simple, robust and easy to 
modify model could be obtained.  
 Since the used Arena simulation environment handles 
explicitly the size-delay-release of the system resources 
by temporal entities, the coding of the Arena simulation 
model is fairly straightforward since there is a direct 
mapping between Petri Nets places and transitions and 
Arena simulation modules.   
 
 
 The attached Petri Net shows the dyeing sub-process 
at initial conditions. The Petri Net dyeing diagram shows 
all dependencies between different actions and entities 
along the dyeing process in Gassol Color. As can be seen 
in the figure, dyeing process can be divided into eleven 
tasks. In each one, transformations or actions are made to 
yarn bobbins in order to transform raw material into semi-
elaborating products. 
 
 Transitions, in the figure, are disposed in U form. So 
that, starting in transition one (T1) where a new waybill is 
generated from the technical office, and ending in 
transition eleven (T11) where an autoclave is released, all 
tasks in this process are represented. In this figure, even 
T12 is represented to show when carriers are released 
although it does not make specifically dyeing process up.  
 
3.    MODULE ARCHITECTURE AND INTERFACES 
 
 The architecture of the system is composed of the 
following modules (see Figure 2): 
 
 TEXTERM Control Module 
 Optimisation module 
 Simulation module 
 Acatex module 
 Production Planning sheet in MS-Excel 
 
 The Production Planning sheet is the interface that is 
presently used to make the production plans in the day 
production process. It receives the customer orders from 
the Mainframe computer and it is the interface with the 
human operator to validate the final plan. When the plan 
is completed sent it to the Acatex module. 
Figure 1. Dyeing sub-process 
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 The Acatex module is a management production 
system, that manages the production orders in the factory 
and monitors the information of the production plant. 
 The TEXTERM Control Module controls all the 
information that comes from the Production Planning 
sheet and the other modules. It also activates the 
Optimisation and Simulation modules, and controls the 
process up to the completed and validated plan. 
 The Optimisation module based on ILOG 
optimisation package that makes the plan using the 
information of the constraints of the Data Base, the orders 
and all the information that is required to make a plan. 
The Simulation module is an Arena discrete event 
simulation package that makes a simulation based on the 
result scheduling planned by the optimisation package and 
the data of the production plant resources, and validates or 
invalidates the proposed plan.   
 
4.    CONCLUSION 
 
In this paper we present the NET SIMULATION 
concept that integrates discrete optimisation and discrete 
event simulation for the textile industry. Although the 
system has been developed for the textile industry, the 
same methodology can be applied to other industries that 
require planning and optimisation in the plant processes.  
 With respect to the implementation, we have 
developed, at present, the majority of the modules, their 
interconnection and we have done several prototypes of 
the simulation and optimisation modules, using the 
production data of the Gassol Color dying plant. Our goal 
is to have the system running by the end of the year. 
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